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DESCRIPTION 

Method for analyzing operation tendency of mobile object, operation 
management system and its structural apparatus, and storage medium 

Technical Field . 

5 The present invention relates to a management system of 

operation data indicative of behavior of a mobile object such as vehicle, 
rail car and the like. The present invention particularly relates to a data 
recorder suitable for analyzing an operation tendency that a driver has 
and an operation managing system using the same. 
1 0 Background Art 

There is an operation rn^agement system having a data recorder 
that records measured data/of behavior of vehicles and other mobile 
objects and a behavior arialyzer that performs analysis of measured data 
recorded on the data recorder. In such operation management system, 
1 5 the data recorder, which idetects measured data of behavior of vehicles 
and records data, is also referred to as a safely recorder comprising a 
sensor section composed cyan angular velocity meter, an accelerometer, 
a GSP (Global Positioning System) receiver, and a recorder section for 
recording measured data qe tec ted by the sensor section. Measured data 
20 specifically includes angulaAvelocity data including at least of roll, pitch, 
and yaw, and acceleration daJba of any one of first to three dimensions, 
GPS data indicative of latitvidje, longitude, velocity, direction. 

Measured data recorded on the recorder is collected and analyzed 
by a behavior analyzer. The behavior analyzer can be implemented by a 
25 computer. In the behavior analyzer, among measured data, turn 

angular velocity is obtained from angular velocity data, start acceleration 
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and brake acceleration are obtained from acceleration data, and a 
current position of vehicle, time, and driving velocity are obtained from 
J GPS data. 

In conventional, one data^;?^order is fixed to a target vehicle. Also, 
b measured data is recorded reg^dless of who is a driver. In the case of 
occurrence of accident, this /s because the conventional data recorder 
analyzes the behavior of the vehicle ex post facto to investigate the cause 
of accident. This extremely restricts the range of use and causes difficulty 
in the widespread use to tpe general drivers. 
1 0 In conventional, allVneasured data generated in the behavior of 

vehicle is recorded. For this reason, the data recorder is required to 
reserve enormously large area fbr recording within a given time period in 
order to repeat the recording. The analyzer is required to execute heavy 
processing in order to discrimii>ecte measured data recorded. 
1 5 Moreover, in the conventional operation management system, 

there is no viewpoint in which the driver's tendency in the operation is 
grasped to generate information for preventing occurrence of accidents. 

For example, in the case of automobiles, about 70 percent of the 
traffic accidents occur at locations such as an intersection and like where 
20 the complex operations are required to the drivers. At such a location, 
as a driving operation, the operation of steering wheel is required in 
addition to the operations of accelerator and brake. In conventional, there 
have not been made sufficient schemes to increase recognition of danger 
with respect to the driving operation at the locations where the incidence 
25 of traffic accidents is high. 

Disclosure of Invention 



A first object of the present invention is to provide a mobile object 
operation tendency analyzing technique that is capable of grasping the 
operation tendency of the mobile object such as a vehicle. A second 
object of the present invention is to provide a mobile object operation 
5 tendency analyzing method, a mobile object operation management 
system that is suitable for executing this method, a data recorder, a 
behavior analyzer, and a storage medium, which is suitable for executing 
processing for the operation tendency analysis on a computer. 

According to a first aspect of the present invention, there is 

1 0 provided an operation management system for a mobile object 

comprising: a data recorder including means for detecting behavior of a 
mobile object that satisfies a complex collecting condition in accordance 
with mobile object operation factors different from each other before and 
after occurrence of the behavior on the time series, and means for 

1 5 recording the detected behavior on a predetermined storage medium; and 
condition setting means for setting the collecting condition, wherein the 
data recorder records only information relating to behavior compatible 
with the collecting condition set by the condition setting means on the 
storage medium according to the behavior. 

20 As one mode for carrying out the invention, the data recorder 

includes means for intermittently recording information relating to 
behavior that does not satisfy the collecting condition, and the data 
recorder records the information intermittently recorded on the storage 
medium as distinguished from information relating to behavior 

25 compatible with the collecting condition. 

The condition setting means sets the collecting condition in 
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accordance with at least one of identification information of an operator 
of the mobile object, behavioral environment of the mobile object, and a 
behavioral history of the operator. 

The storage medium is, for example, a card-like storage medium 
5 that is classified in accordance with at least one of identification 

information of the mobile object, identification information of an operator 
that operates the mobile object, and behavioral environment of the mobile 
object, and that is generated on a classification-by-classification basis. 
According to a second aspect of the present invention, there is 

10 provided an operation management system for a mobile object comprising 
means for detecting behavior of a mobile object before and after 
occurrence of the behavior on the time series when the behavior of the 
mobile object satisfies a predetermined collecting condition, and for 
intermittentiy detecting the behavior of the mobile object when the 

15 behavior of the mobile object dissatisfies the collecting condition; means 
for recording information relating to the behavior detected on the time 
series and information relating to the behavior intermittently detected on 
a predetermined storage medium as distinguished from each other; and 
means for reproducing operation circumstances of the corresponding 

20 mobile object based on each information recorded on the storage 
medium. 

According to a third aspect of the present invention, there is 
provided a data recorder comprising: a sensor section for detecting 

behavior of a mobile object on the time series; and recording means for 
25 determining the presence or absence of occurrence of a specific behavior 
in the behavior of the corresponding mobile object detected by the sensor 
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section in accordance with a complex behavioral condition, which is a 
behavioral condition for determining the behavior as the specific behavior 
and which conforms to mobile object operation factors different from each 
other, and for recording information relating to the specific behavior of 
5 the corresponding mobile object in accordance with occurrence of the 
specific behavior on a predetermined storage medium. 

The specific behavior is dangerous behavior, and the recording 
means may determine the presence or absence of occurrence of the 
dangerous behavior based on compatibility between a condition pattern 
1 0 that fixes the corresponding dangerous behavior and the behavior pattern 
detected by the sensor section, and the recording means may record 
information of the corresponding behavior when the dangerous behavior 
occurs. 

The recording means may intermittently record information 
15 relating to the behavior of the corresponding mobile object on the storage 
medium as distinguished from information relating to the specific 
behavior when no specific behavior occurs. 

The storage medium is a card-like storage medium that is 
classified in accordance with at least one of identification information of 
20 the mobile object, identification information of an operator of the mobile 
object, and behavioral environment of the mobile object, and that is 
generated on a classification-by-classification basis, and at least the 
behavioral condition may be recorded on the card-like storage medium. 
According to a fourth aspect of the present invention, there is 
25 provided a behavior analyzer for a mobile object comprising: condition 
setting means for setting a complex collecting condition which is a 
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collecting condition for collecting information relating to a specific 
behavior of the mobile object and which is based on mobile object 
operation factors different from each other on a predetermined storage 
medium; and analyzing means for reading recorded information from the 
5 storage medium on which information relating to behavior of the mobile 
object compatible with the set collecting condition is recorded to analyze 
the behavioral content of the corresponding mobile object from the read 
information. 

The analyzing means reads information, which is different from 

1 0 information relating to the specific behavior and which is intermittently 
recorded according to behavior other than the specific behavior, from the 
storage medium, and analyzes the behavioral content of the 
corresponding mobile object in accordance with information. 

According to a fifth aspect of the present invention, there is 

15 provided a behavior analyzer for a mobile object comprising: collecting 
condition setting means for setting a complex collecting condition which 
is a collecting condition for collecting information relating to a specific 
behavior of the mobile object and which is based on mobile object 
operation factors different from each other on a predetermined storage 

20 medium; and analyzing means for reading the information from a 
predetermined storage medium on which information relating to the 
specific behavior of the mobile object is recorded to compare the read 
information with a condition pattern for specifying a predetermined 
behavioral pattern and to analyze the behavioral content of the 

25 corresponding mobile object. 

According to a sixth aspect of the present invention, there is 
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provided a computer-readable storage medium having digital information 
recorded thereon, the digital information is causing a computer to 
execute procedures for setting a complex collecting condition, which is a 
collecting condition for collecting information relating to a specific 
5 behavior of the mobile object and which is based on mobile object 
operation factors different from each other, on a predetermined storage 
medium; reading recorded information from the storage medium on 
which information relating to behavior compatible with the set collecting 
condition is recorded; and analyzing the behavioral content of the 

1 0 corresponding mobile object from the read information. 

According to a seventh aspect of the present invention, there is 
provided a computer-readable storage medium having digital information 
recorded thereon, the digital information is causing a computer to 
execute procedures for setting a first collecting condition for collecting 

15 information relating to specific behavior of a mobile object and a second 
collecting condition for collecting information relating to normal behavior 
other than the specific behavior on a predetermined storage medium; 
reading recorded information by behavior from the storage medium on 
which information relating to behavior compatible with the first and 

20 second collecting conditions is recorded as distinguished from each 

other; and analyzing the behavioral content of the corresponding mobile 
object from the read information. 

According to an eighth aspect of the present invention, there is 
provided an operation tendency analyzing method for a mobile object 

25 comprising: the first step of determining the presence or absence of 
occurrence of specific behavior in behavior of the corresponding mobile 
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object actually detected in accordance with behavioral conditions 
showing the specific behavior of the mobile object; the second step of 
recording information relating to the specific behavior of the 
corresponding mobile object on a predetermined storage medium in 
5 accordance with occurrence of the specific behavior; and the third step of 
analyzing an operation tendency of the corresponding mobile object 
based on information recorded on the storage medium. 

The second step includes the sub-step of recording information 
relating to the specific behavior before and after occurrence of the 

10 corresponding behavior on the storage medium on the time series and 
intermittently recording information relating to the behavior of the mobile 
object on the storage medium when no the specific behavior occurs, and 
the third step includes the sub-step of analyzing a complex operation 
tendency of the corresponding mobile object based on the recorded 

1 5 information. Also, the third step includes the sub-step of obtaining a 
statistical operation tendency from information recorded on the storage 
medium intermittently, obtaining a difference between the statistical 
operation tendency and information recorded on the storage medium on 
the time series, and analyzing a complex operation tendency of the 

20 corresponding mobile object in accordance with the difference. In 
addition, the third step may include the sub-step of analyzing the 
operation tendency based on condition information set in accordance 
with at least one of identification information of an operator of the mobile 
object, behavioral environment of the mobile object, and behavioral 

25 history of the operator. Or, the third step includes the sub-step of 
analyzing the operation tendency based on complex condition 
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information set in accordance with a plurality of mobile object operation 
factors different from each other. 

Brief Description of the Drawings 
FIG. 1 is a structural view of an operation management system 
5 according to a first embodiment of the present invention; 

FIG. 2 is a view illustrating an example of a condition pattern in 
the case of sudden acceleration; 

FIG. 3 is a view illustrating an example of a recognition condition 
pattern at an intersection; 
10 FIG. 4 is a structural view of a behavior analyzer according to the 

first embodiment; 

FIG. 5 is an explanatory view showing one example of an initial 
information setting page; 

FIG. 6 is an explanatory view showing one example of a 
1 5 characteristic behavior setting page; 

FIG. 7 is a graph showing one example of an analytical processing 

result; 

FIG. 8A is a schematic view illustrating a state in which collecting 
condition for collecting measured data is set onto a memory card 20 in a 
20 behavior analyzer 30 according to the operation management system of a 
second embodiment of the present invention; 

FIG. SB is a graph showing an example in which behavior that 
satisfies the collecting condition is detected to collect measured data 
according to the second embodiment of the present invention; 
25 FIG. 9 is a view illustrating a state in which a vehicle turns right 

at an intersection; 

io 
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FIG. 1 OA is a graph showing output data from an accelerometer in 
connection with a right turn operation when unreasonable driving 
behavior does not occur; 

FIG. lOB is a graph showing output data from an azimuth 
5 gyroscope in connection with a right turn operation when unreasonable 
driving behavior does not occur; 

FIG. 1 1 is a graph in which the graph of FIG. lOA and that of FIG. 
lOB are combined; 

FIG. 12A is a graph showing output data from the accelerometer 
1 0 when unreasonable cornering is performed to turn right; 

FIG. 12B is a graph showing output data from the azimuth 
gyroscope when unreasonable cornering is performed to turn right; 

FIG. 13 is a view showing a graph (solid line) where FIG. 12 A and 
FIG. 12B are combined and a graph (chain line) of FIG. 1 1 are overlaid on 
1 5 each other; 

FIG. 14 is a table showing a comparison between the case (normal 
curve operation) in which unreasonable driving behavior does not occur 
and the case (abnormal curve operation) in which unreasonable driving 
behavior occurs by a plurality of items; 

20 FIG. 15 is a combination view of a synthetograph, which 

schematically shows angular velocity and acceleration in the case of 
cornering after sudden acceleration in the behavior of the right turn 
operation, a synthetograph, which schematically shows angular velocity 
and acceleration in the case of sudden acceleration after hard cornering 

25 in the same behavior, and a synthetograph, which schematically shows 
angular velocity and acceleration of the normal operation in the same 

// 
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behavior; 

FIG. 16 is a view illustrating the structure of data example 
collected according to a modification of the present invention; 

FIG. 17 is a table explaining the content of data example collected 
5 according to a modification of the present invention; 

FIG. 18 is an example of the analytical result of data collected 
according to a modification of the present invention, namely a graph 
illustrating the analysis of the maximum velocity for one day; 

FIG. 19 is an example of the analytical result of data collected 
10 according to a modification of the present invention, namely a view 
illustrating independence of maximum velocity on time obtained by 
performing one-month statistical processing on the analysis of the 
maximum velocity of FIG. 18 for one month; 

FIG. 20 is an example of the analytical result of data collected 
15 according to a modification of the present invention, namely a view 
illustrating the history of the maximum acceleration for one day; 

FIG. 21 is an example of the analytical result of data collected 
according to a modification of the present invention, namely a view 
illustrating the history of the maximum angular velocity for one day; 
20 FIG. 22 is an example of the analytical result of data collected 

according to a modification of the present invention, namely a view 
illustrating an average maximum velocity for one month and a standard 
deviation { 1 a ) by individual; 

FIG. 23 is a table showing combinations of data collected, 
25 measuring devices for use in measuring data and the contents of analysis 
according to the second embodiment of the present invention; 
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FIG, 24 is a view a graphic representation of the analytical result 
of "maximum acceleration - velocity"' shown in FIG. 23; and 

FIG. 25 is a view illustrating a resultant example in which degree 
of danger is analyzed by driver and individual based on data collected 
5 according to the modification of the present invention. 

Best Mode for Carrying Out the Invention 
The following will explain embodiments in which the present 
invention is applied to the operation management system that detects the 
operation tendency of a vehicle and a fact of dangerous behavior to be 
1 0 presented to the driver. 

(First embodiment) 

FIG. 1 is a structural view of an operation management system 
according to a first embodiment of the present invention. 

An operation management system 1 comprises a data recorder 10, 

15 a memory card 20, and a behavior analyzer 30. The data recorder 10 is 
attached to a given position of a vehicle. The memory card 20 records 
unique information of driver and condition patterns for recognizing the 
characteristic of vehicle behavior. The behavior analyzer 30 sets unique 
information and condition patterns to the memory card 20, reads 

20 information recorded on the memory card 20 based on these set 
information, and analyzes the content of vehicle behavior. 

The data recorder 10 includes a sensor section 11, a card storage 
mechanism 12, and a recorder section 13. 

^ The sensor section 1 1 has/angular velocity meters 1 1 Ix, 11 ly, 

25 and lllz for detecting angular velocity data of three-dimensional axial 
direction (roll, pitch, and yaw) in thk vehicle, accelerometers 112x and 



112y for detecting acceleration data (accelerator acceleration, brake 
acceleration, cornering federation and like) in the back and fourth and 
right and left of the r\rehicle, and a GSP (Global Positioning System) 
receiver 113 for receWing GPS data indicative of current latitude, 
5 longitude, velocity, direction of the vehicle, and a pulse obtaining 
mechanism 114 for obtaiping a vehicle velocity pulse from a vehicle 
instrument . / 

Among data output from the sensor section 11, accelerator 
acceleration is indicated by +0G (O is hereinafter referred to numeric 

10 value, G is gravity acceleration), brake acceleration (back and fourth G) is 
indicated by -OG, right acceleration (lateral G) is indicated by left +0G, 
left acceleration (lateral G) is indicated by right -OG, and cornering 
angular velocity (Yr and like) is indicated by +0° /sec at the right side, 
and -O*" /sec at the left side. Additionally, azimuth angular velocity 

15 (average) is indicated by +0° . 

In addition, GPS data and vehicle velocity pulse are configured 
such that they can be outputted selectively or together. For example, on 
the normal road where GPS data can be received, GPS data is used. In 
the tunnel where GPS data cannot be received, the velocity can be 

20 expressed using the vehicle velocity pulse and the current position can be 
corrected based on GPS data received so far. 

The card storage mechanism 12 stores the memory card 20 
detachably to support data reading and writing between the memory card 
20 and the recorder section 13. 

25 The recorder section 13 includes a CPU (Central Processing Unit) 

and a memory. In the recorder section 13, the CPU reads a given program 
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recorded on a part of the memoiy to execute the program, whereby 
forming a function block of a preprocessing unit 131, an event extracting 
unit 132, a data reading unit 133, and a data recording unit 134 and a 
component having a counter function. 
5 The preprocessing unit 131 performs removal processing of offset 

components and drift components included in angular velocity data 
outputted from the sensor section 11. The preprocessing unit 131 also 
performs matching between inertial data, which is composed of angular 
velocity data and acceleration data, and GPS data. Since GPS data lags 

10 about 2 sec behind inertial data, matching between GPS data and inertial 
data 2 sec before is performed. 

The reading unit 133 recognizes the condition pattern recorded on 
the memoiy card 20, that is, vehicle characteristic behavior (behavior 
pattern) and transmits it to the event extracting unit 132. Particularly, 

15 the data reading unit 133 recognizes one threshold value or combinations 
of a plurality of threshold values, or behavior patterns such as curving at 
the intersection in order to recognize the fact (hereinafter referred to as 
"event") of dangerous behavior. 

The event extracting unit 132 extracts measured data (angular 

20 velocity data, acceleration data, GPS data, vehicle pulse; hereinafter 
referred to as "event data") compatible with a condition pattern for each 
event from data, which is outputted from the sensor section 11 and 
which has no offset components and the like removed by the 
preprocessing unit 131. The event extracting unit 132 sends extracted 

25 event data, event kind data (condition pattern identification data), event 
occurrence time and date (GPS data), event occurrence location (GPS 
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data), the number of records of the respective events (due to setting), 
distance traveled after occurrence of event, and initial information 
(recorder number, name of driver, vehicle number, and so on). Regarding 
the distance traveled, for example, distance after hard braking can be 
5 named. This distance can be obtained by counting the amount 
corresponding to the scale factor of a given vehicle pulse when the vehicle 
velocity pulse occurs by one pulse after hard braking. In the case where 
the vehicle velocity pulse cannot be obtained, the velocity can be detected 
based on the change in latitude and longitude included in GPS data, and 

10 the detected velocity is integrated so that the distance can be obtained. 

In addition, the measured date is date that is obtained by adding 
9 hours to worldwide standard time received by the GPS receiver 112, 
and measured time is time that is obtained by 9 hours to worldwide 
standard time received by the GPS 112. The event location is position 

15 information that can be specified by the latitude and longitude included 
in GPS data, 

The data recording unit 134 converts data to file and records it 
on the memory card 20. Additionally, ignition ON/OFF, power ON/OFF of 
recorder 10, and occurrence time and the content of occurrence (what 

20 time, where, what occurs) when GPS communication normal/ abnormal 
occurs are recorded in specific patterns. 

FIGS. 2 and 3 show condition patterns for each event recognized 
by the event extracting unit 132. FIG, 2 shows the condition pattern of 
the sudden acceleration, FIG. 3 shows the condition pattern at the 

25 intersection, "return ON'* denotes event recognition, and "return OFP' 
denotes event non-recognition, respectively. 
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It is noted that these condition patterns are only examples, and 
that they can be corrected ex post facto and additionally added. 

The memory card 20 refers to nonvolatile memory such as 
transportable IC (Integrated Circuit) chip card having an EEPROM 
5 (Electrically Erasable and Programmable Read-Only Memory) and a ROM 
(Read-Only Memory), and a CPU or a flash ROM. ROM records a program 
code, and EEPROM records various kinds of setting information 
including the above-mentioned condition patterns, information relating to 
event data from the recorder section 13, and cipher information. In the 
10 case where the memory control function is implemented by the data 
recorder 10 and behavior analyzer 30, the memory control functions 
(CPU, ROM) are not necessarily prepared in the memory card 20. 

The structural example of behavior analyzer 30 is illustrated in 

FIG. 4. 

15 The behavior analyzer 30 illustrated in FIG. 4 is a stationary 

computer having a card reader/ writer 31, a display unit 32, a data input 
unit 33, and an I/O controller 34. The card reader/ writer 31 stores the 
memory card 20 and executes data recording/ writing. The display unit 
32 is used to confirm various kinds of setting information and the 

20 analytical result. The data input unit 33 is used to input initial 
information, the aforementioned condition patterns and the like. The 
I/O controller 34 performs an interface between these units. 

Regarding an initial information setting unit 35, a condition 
setting unit 36, and an analytical processing unit 37 provided in the 

25 behavior analyzer 30, the CPU reads digital information recorded on a 
given storage medium and executes it with an operating system (OS) of 

n 
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the computer (cooperative execution), whereby implementing the 
functions of the respective components. 

The initial information setting unit 35 sets individual information, 
information of data recorder 10, and information of the vehicle on which 
5 the data recorder 10 is mounted to the memory card 20 when the memory 
card 20 is used for the first time. Individual information refers to a name 
of driver who possesses the memory card 20. Information of data recorder 
10 refers to a recorder number for identifying the data recorder 10 and a 
lot number of data recorder 10. Information of the vehicle refers to a 
10 vehicle number of the vehicle to which the data recorder 10 is attached, a 
vehicle model, a vehicle velocity pulse, a scale factor of the vehicle 
velocity pulse, and so on. 

The above initial information is used to identify an analyzing 
vehicle and a driver, who drives the vehicle, and to improve accuracy of 
15 data recorder 10 in the behavior analysis. 

The condition setting unit 36 sets various kinds of condition 
patterns onto the memory card 20. The condition setting unit 36 and 
initial information setting unit 35 put some schemes to facilitate driver 
convenience. For example, a setting interface screen page having a given 
20 filling typed dialogue window is displayed on the display unit 32, so that 
the driver can fill corresponding data in the corresponding area of the 
dialogue window using the data input unit 33. This makes it possible to 
set various kinds of setting information. 

The analytical processing unit 37 analyzes the content of the 
25 vehicle behavior and the driver's operation tendency (habit, etc.) from 
event data recorded on the memory card 20. More specifically, the 

I? 
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analytical processing unit 37 reads event data recorded on the memoiy 
card 20 and information relating thereto in operation unit, for example, 
on a day-to-day basis and summarizes information to perform graph 
processing with respect to summarized information. This makes it 
5 possible to display time and date of occurrence of each event, location of 
occurrence, tendency of occurrence in operation unit, and frequency of 
occurrence on the display unit 32 and to obtain visual understanding. 

At the time of analysis, items are displayed on a hierarchical 
menu page in which processible items are associated with each other by 

10 the corresponding subroutine, and an item that the driver wishes is 
selected, so that information processing, which is based on event data, is 
automatically initiated and executed. 

On the menu page, for example, an item relating to initial 
information is first displayed. A page for selecting who drives the vehicle 

15 and which vehicle is driven, a page for selecting an item of performing 
analytical processing, and a detailed selection page are sequentially 
displayed. The selection page includes items such as the number of 
occurrences of dangerous behavior or characteristic behavior/ bad habit 
information/ operation path/ drive estimation graph display and the like. 

20 The detailed selection page includes selective items such as sudden 
acceleration and the like in the case of dangerous behavior. 

The processed results of the items selected by the driver are 
sequentially displayed on the display unit 32, and recorded on the file as 
required. Or, they may be printed by a printer (not shown). Additionally, 

25 the function of data conversion may be provided to the analyzer 30 so 
that statistical processing is executed using the existing spreadsheet 
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software or database software and like. 

An explanation is next given of the operation mode in the 
above- structured operation management system 1. 
Preparation of memory card 20 
5 In the case of a new driver, a memory card 20 for the driver is 

generated. In this case, the driver attaches the new memory card to the 
card reader/ writer 31, and causes the display unit 32 to display initial 
information setting page illustrated in FIG. 5, and inputs corresponding 
data thereto using the data input unit 23. Next, the driver causes the 
10 display unit 32 to display the characteristic setting page illustrated in 
FIG. 5 and inputs predetermined data therein. The set data is recorded 
on the memory card 20. Even in the case where the driver is not the 
new driver, the threshold value and detailed conditions are changed and 
the content is newly set by the behavior analyzer 30. 
15 Recording of event data by data recorder 10 

The memory card 20 is attached to the card storage mechanism 
12 of the data recorder 10 fixed to the vehicle, and the driving is started. 

When the vehicle is started to move, the sensor 1 1 of the data 
recorder 10 measures the behavior sequentially, and sends the output 
20 data to the recorder section 13. The recorder section 13 extracts only 
event data compatible with the condition pattern set as mentioned above 
and information relating thereto, and records them on the memory card 
20. 

(3) Analysis of event data and like 
25 After the end of driving, when the memory card 20 detached from 

the data recorder 10 is inserted into the card reader/ writer 31 of the 
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behavior analyzer 30, the menu page of analytical processing is displayed 
on the display unit 32. When the driver selects a specific processing item 
through the menu page, the corresponding subroutine is automatically 
started, information read from the memory card 20 is subjected to 
5 classification processing, statistical processing, display processing and 
the like. Regarding the display processing, the analytical result including 
the driver estimation graph as illustrated in FIG. 7 is displayed on the 
display unit 32. 

Thus, according to the operation management system 1 of this 
10 embodiment, initial information and condition pattern are set onto the 
memory card 20 for each driver. When an event compatible with the 
condition pattern occurs, only information relating to the event is 
recorded on the memory card 20. This makes it possible to analyze the 
drive estimation and the operation tendency for each driver as improving 
15 the effective use of resource. 

For this reason, regardless of the occurrence of accident, it is 
possible to recognize the mode of use without being limited to only the 
case where the accident occurs unlike - the conventional case. For 
example, this makes it possible to confirm the process of improvement in 
20 technique for safe driving and the characteristic behavior and to prevent 
accidents from being generated. 
(Second embodiment) 

The first embodiment showed the example m which the data 
recorder 10 determined whether or not output data sent from the sensor 
25 section 1 1 was compatible with the condition pattern set by the driver, 
and compatible invent data and information relating thereto were 

^ / 
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recorded on the memory card 20. However, the condition pattern is not 
always provided onto the memory card 20. For example, the function 
block corresponding to the event extracting unit 132 of the first 
embodiment may be provided to the behavior analyzer 30 such that event 
5 data, which is compatible with the condition pattern at the input stage of 
the behavior analyzer, and only information relating thereto are sent to 
the analytical processing unit 37. 

In this case, since only various kinds of threshold data for 
recognizing the event and data collecting interval may be set, the 
10 structure is simplified. Moreover, data recorded on the existing safety 
recorder can be analyzed, making it possible to structure the operation 
management system with high general versatility. 

(Third embodiment) 

An explanation is next given of the third embodiment. 
15 According to the third embodiment, as illustrated in FIG. 8A, in 

the behavior analyzer 30, a data collecting condition for collecting 
information of specific behavior of a mobile object is set onto the memory 
card 20. 

For example, as a data collecting condition, there can be named a 
20 case in which the angular velocity that changes for one second exceeds 
10** as illustrated in FIG. 8B. When such a condition is satisfied, it is 
determined that the specific behavior occurs, and measured data for 
given time before and after occurrence (for example, 30 seconds before 
and after) is recorded on the memoiy card 20. 
25 For example, a collecting condition is set onto the memory card 20 

in order to collect measured data of a pattern of making a turn at a curve 
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(specific behavior). More specifically, when a case in which a turn is made 
with curve driving at more than 20° /sec is set as a collecting condition, 
measured data with respect to the behavior that satisfies this condition 
(behavior exceeding a set value) is collected using a high-fi:'equency signal 
5 (for example, 10 Hz). Regarding measured data collected, the driver's 
operation tendency of mobile object is analyzed using an analytical 
method to be described later. 

As timing for determining the occurrence of the specific behavior 
as an analytical target, the following can be named: 
1 0 when the vehicle pulls away the stop position; 

(b) when curve driving occurs at the intersection; 

(c) when the vehicle passes through a specific point; and 

(d) when angular velocity, acceleration, and velocity, which are 
more than a predetermined threshold value. The condition is set to 

1 5 collect measured data during only a fixed time period before and after the 
above timing. The condition may be set to collect measured data only for 
time when the predetermined condition is satisfied without limiting to the 
fixed time period. 

In the first embodiment, the condition patterns for recognizing 

20 danger were stored in the form of the condition steps as illustrated in 
FIGS. 2 and 3. However, the condition pattern is not always stored in 
such form. The third embodiment set forth below uses a form in which 
a condition pattern obtained from two-dimensional measurement is 
modeled. 

25 According to this embodiment, in performing measurement and 

analysis, emphasis is laid on the driving tendency at the location where 
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two complex operations having 1) operations of accelerator and brake and 
2) the operation of steering wheel are needed in driving operation. In 
other words, measured data is collected based on the collecting condition 
which is the complex conditions set according to the plurality of different 
5 mobile operation factors, and the analysis of behavior is performed based 
on information set according to the similar operation factors. 

This embodiment will explain a right turn at the intersection as a 
location where the complex operations are needed. It is noted that the 
aforementioned two complex operations are measured by an 

10 accelerometer and an azimuth gyroscope, and measured data is 
outputted from the respective devices. 

FIG. 9 illustrates the outline of the intersection and the direction 
where the vehicle, which is operated by the driver, moves. A temporarily 
stop position PI is provided at this intersection. When the driver operates 

15 the vehicle to be moved in the direction illustrated in FIG. 9, there is a 
case in which unreasonable driving behavior, which is generated by the 
operation to avoid danger caused by a hasty driving or careless driving 
when attention is paid to pedestrians and oncoming vehicles, is 
measured. Graphs illustrated in FIGS. lOA and lOB show output data 

20 from the accelerometer in connection with the right turn operation when 
unreasonable driving behavior does not occur, and output data from an 
azimuth gyroscope in connection with the right turn operation when 
unreasonable driving behavior does not occur, respectively. As is obvious 
from these graphs, acceleration data measured by the accelerometer and 

25 angular velocity data of the turn measured by the azimuth gyroscope 
show the characteristics of the right turn operation performed by the 
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driver. FIG. 1 1 illustrates the combination of these graphs. 

Data illustrated in FIG. 1 1 shows the following behavior. 
First, it is shown that angular velocity is generated by steering to 
the right slightly as applying the brakes that generate acceleration in the 
5 minus direction. After the temporary stop, the accelerator pedal is 
pressed down as steering to the right, whereby generating acceleration in 
the plus direction (arrow Al). Moreover, it is shown that the steering 
wheel is returned to the original state as reducing acceleration after 
reaching the given velocity (arrow A2). 

10 Data illustrated in FIGS. lOA, lOB, and 11 are graphs when 

unreasonable driving behavior does not occur. On the other hand, FIGS. 
12 A, 12B and 13 (solid line) show data of the case in which the vehicle 
turns to the right unreasonably since the oncoming vehicle is 
approaching from the front at the time of the right turn operation. It is 

15 clear from data shown in these graphs that the vehicle is not completely 
stopped at the stop position and that the sudden acceleration and 
sudden steering operation are performed. FIG. 14 is a table showing a 
comparison between the case (normal curve operation) in which 
unreasonable driving behavior does not occur at the time of the right 

20 turn operation and the case (abnormal curve operation) in which 
unreasonable driving behavior occurs using a plurality of items. 

Thus, regarding the behavior (complex behavior) caused by the 
plurality of different operations, the measuring results of the respective 
operations are processed in multi-dimensions, whereby making it 

25 possible to clearly differentiate between the normal driving behavior and 
the abnormal driving behavior. For example, if the graph showing the 
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normal driving behavior at the time of the right turn and the graph 
showing the abnormal driving behavior are combined, the graph is given 
as illustrated in FIG. 13. It is understood from the figure that the graph 
show^ing the abnormal driving behavior (solid line) indicates an increase 
5 curve in the acceleration at a starting time is sharp and that no 
smoothness is found in the entire shape as compared with the graph 
showing the normal driving behavior (broken line). Thus, it is possible to 
easily estimate the driving behavior from the difference in the shape of 
graph where the pattern recognition and the pattern matching are 
10 performed. 

If the graph in the case of turning after sudden acceleration is 
schematically shown, it is indicated by LI of FIG. 15. Also, if the graph in 
the case of sudden acceleration after hard cornering is schematically 
shown, it is indicated by L2 of FIG. 15. As is obvious from these graphs, 

15 the inclination of the rise of the graph becomes small in the case of 
turning after sudden acceleration and becomes large in the case of 
sudden acceleration after hard cornering. 

The normal driving behavior at the time of the right turn is to 
steer the wheel as accelerating the velocity, and if this behavior is 

20 illustrated by the schematic graph, it is shown by L3 of FIG. 15. The 
respective graphs illustrated in this figure can be used as condition 
patterns in the second embodiment. Namely, in FIG. 16, blank areas 
show safe driving regions indicative of safe driving, and hatched areas 
other than the blank areas show dangerous behavior regions indicative of 

25 dangerous driving. 

After providing the setting of such condition patterns and the data 
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recording to the memory card 20, the behavior analyzer 30 analyzes the 
behavioral content of vehicle and the driver's operation tendency. In this 
case, it is possible to quantify the dangerous behavior and the 
characteristic behavior using a ratio of time for which the vehicle is out of 
5 the safe driving region. For example, among recorded data, it is 
assumed that time for which the vehicle is positioned at the safe driving 
region or dangerous behavior region is 3.56 sec, and time for which the 
vehicle is out of the safe driving region is 2.34 sec. The equation, that is, 
degree of danger and degree of characteristic = 2.34/3.56 = 0.66, is 

10 established. The use of thus quantified numeric value makes it possible 
to determine the driver's operation tendency and to compare with the 
content of other driver's behavior. In addition to such a calculation 
method, the area of the safe driving region may be converted to numbers. 
In the above explanation, the intersection is taken as a location 

15 where complex operations are needed, and the analysis is performed from 
the acceleration and angular velocity measured by the accelerometer and 
the azimuth gyroscope. According to this, the behavior including the 
running patterns at the curve, the stopping pattems at the curve, start 
with turning, and stop with turning can be analyzed. The present 

20 invention is not limited to the above, and combinations of other 
measuring devices can be considered. 

For example, it is possible to measure the acceleration and 
angular velocity using the vehicle velocity pulse and accelerometer as a 
measuring device. In this case, regarding even the acceleration (minus 

25 direction) that is generated by pressing down the brake, -O.IG where the 
velocity of vehicle is 10 km and -O.IG where the velocity of vehicle is 100 
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km are different from each other in the influence exerting upon the 
vehicle and driver. Accordingly, the analysis of measured data makes it 
possible to obtain the degree of danger according to the velocity even if 
the same braking operation is performed. 
5 Moreover, in addition to the velocity and angular velocity, it is 

possible to measure acceleration in the lateral direction of the vehicle 
(lateral acceleration) using the azimuth gyroscope and the accelerometer 
as the measuring device. In this case, centrifugal force can be obtained 
from the product of the velocity and angular velocity. In the normal 

10 driving, centrifugal force and the lateral acceleration are substantially 
equal to each other. However, the turn of vehicle exceeds the driving limit, 
the vehicle slides or a roll occurs, with the result that centrifugal force 
and the lateral acceleration are different from each other. Accordingly, it 
is possible to obtain the degree of danger based on the difference between 

15 centrifugal force and the lateral acceleration. 

As explained above, according to the operation management 
system of the third embodiment, regarding the complex behavior at the 
location where complex operations are needed, the measuring results of 
the respective operations are processed in multi-dimensions. This makes 

20 it possible to specifically carry out the analysis of the degree of danger 
and the degree of characteristic and the determination thereof depending 
on the circumstances of behavior in addition to the technical advantages 
of the first and second embodiments. 

Next, the method for setting the condition pattern will be more 

25 specifically explained. 

The shape of the condition pattern of the third embodiment and 
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the degree of danger to be analyzed differ depending on the environment 
where the vehicle is operated, that is, behavioral environment. The 
behavioral environment includes regions and districts where the vehicles 
are driving and a time zone. 
5 Regarding the regions where the vehicles are driving, Tokyo and 

Hokkaido are different from each other in the average velocity of vehicle, 
the number of intersections, and so on. Even in the regions, the 
differences between the city and suburb, and between the long distance 
and short distance are generated depending on the regions. In addition, 

1 0 various conditions differ depending on the time zone including the driving 
in the nighttime, the driving in the early morning, and the driving in the 
evening. For this reason, the condition pattern may be set depending on 
the behavioral environment. 

There is also an individual difference in the driving ability of driver. 

15 For this reason, a behavioral history such as statistics of the analytical 
results, and so on may be used if there is any. Namely, the numeric value 
and the condition pattern are changed based on the driving ability and 
the accident history. This niakes each analytical result different even if 
the driver operates the vehicle in the same way. 

20 The aforementioned data analysis is carried out after the behavior 

analyzer 30 reads data from the memory card 20. The collection of 
measured data and the analysis are repeated based on the 
aforementioned setting of the collecting conditions, whereby making it 
possible to collect the driving patterns as a target and to convert the 

25 driving tendency to numbers as well as the detection of dangerous 
behavior. Moreover, the collecting condition may be set onto the memory 
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card 20 based on the analyzed driving tendency. 

Moreover, various applications may be possible by combining the 
collection condition and the aforementioned behavioral environment or 
behavioral history. For example, it is assumed that the long-distance 
5 truck drivers using an expressway are used as a target driver to detect 
the operations of the accelerator and brake. The velocity is 70 km/h or 
more and 0.1 G or more as collecting conditions, and measured data can 
be collected and analyzed. In the same target driver, such a collecting 
condition that collects differential values of angular velocity is set in 
10 order to recognize the sudden wheeling operation even if the numeric 
value is small. This makes it possible to take prevention measures 
against drive dozing 

(Modifications) 

An explanation is next given of the modification of each 
15 embodiment. 

It is assumed that the operation management system collects the 
measured data for 30 seconds before and after the behavior that 
corresponds to the collecting condition is generated and collects 
statistical data eveiy one minute when the behavior does not correspond 

20 to the collecting condition. Theii, an example of the collection and 
analysis of the statistical data collected for one minute is explained. 
Regarding the method for collecting statistical data for 30 seconds before 
and after, various kinds of methods can be considered. Among these, as 
the easiest method, there is a method in which measured data is 

25 endlessly recorded on nonvolatile memory with a capacity that can record 
measured data for more than at least one minute, and the recording of 

30 



30 



measured data is stopped 30 seconds later after an event occurs. 
Whether the event occurs or not can be easily understood by detecting 
abrupt data of angular velocity and acceleration or combinations of the 
specific data groups. 
5 The schematic structure of data collected in this modification is 

illustrated in FIG. 16, and the content of statistical data for one minute is 
illustrated in FIG. 17. The specific content of analytical processing of the 
statistical data content illustrated in FIG. 17 is explained as follows: 

As an analytical example of the maximum velocity for one day, an 

10 example illustrated in FIG. 18 can be taken. FIG. 18 is a view showing 
the history of the maximum velocity every one minute. One-month 
statistical processing of such data is performed, so that statistical graph 
as illustrated in FIG. 19 can be obtained and the relationship between 
the velocity and the time zone can be deduced from the distribution of 

15 this statistical graph. For example, it is possible to seek the cause that 
the velocity changes depending on the time zone. Normally, the velocity 
increases in the evening and the standard deviation 1 a of velocity 
becomes large. This indicates that variations in velocity become large. 
The degree of danger and a numeric value to be noticed can be obtained 

20 from the value of velocity itself and ""the amount of deviation'' from the 
statistical numeric value (e.g., average value) of the standard deviation or 
the statistical numeric value of safe driving. 

FIG. 20 illustrates the history of the maximum acceleration for 
one day. This makes it clear that the plus acceleration is acceleration 

25 using the accelerator and the minus acceleration is acceleration using 
the brake. This obtains the relationship between the accelerator and the 

31 



31 



brake in the time zone by the statistical processing using the average 
value and the standard deviation similar to the velocity. Then, the degree 
of reckless driving and the degree of danger can be obtained from "the 
amount of deviation" from the safe driving or the overall average. 
5 FIG. 2 1 illustrates the history of the maximum angular velocity for 

one day. This indicates that the steering to the right is plus and the 
steering to the left is minus. This makes it possible to specify the 
relationship between the steering operation and the time zone by the 
statistical processing using the average value and the standard deviation 

1 0 similar to the velocity. Then, the degree of reckless driving and the degree 
of danger are obtained from "the amount of deviation"" from the statistical 
operation tendency such as the safe driving or the overall average. 

The maximum lateral acceleration is subjected to analytical 
processing similar to the maximum acceleration and the maximum 

15 angular velocity, and the relationship among centrifugal force, roll angle, 
and time zone is specified. Then, the degree of reckless driving and the 
degree of danger are obtained from "the amount of deviation" from the 
statistical operation tendency such as the safe driving or the overall 
average. 

20 Regarding the measurements of position and time using GPS, the 

history that indicates what time and where the vehicle is located every 
one minute is generated, whereby making it possible to confirm the 
operation start/ end time as to how long the operation have been 
performed and to expand the operation position to a map with time to 

25 confirm an operation path. The vehicle velocity pulse, which is the 
measuring device, needs wiring work, but can estimate the driving 
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velocity and distance using data of GPS. 

In addition, the average and standard deviations of the maximum 
velocity, acceleration, and braking are subjected to statistical processing 
in accordance with various kinds of classifications, whereby obtaining 
5 the statistical results by driver, area, business office, and company. FIG. 
22 illustrates an average maximum velocity for one month and a 
standard deviation (Icr). Additionally, one-month statistics of specific 
time (e.g., 5 p.m.) is obtained, whereby allowing comparison about the 
time zone where the driver's careless driving and reckless driving easily 

1 0 occur. They are converted to numbers based on "the amount of deviation" 
from the statistical operation tendency such as the safe driving or the 
overall average, and the resultant can be used as materials for advice to 
be offered to the drivers. 

Moreover, the aforementioned items are combined, so that 

15 complex statistical analysis can be carried out. The combinations of 
measured data, measuring devices for use in measuring data and the 
contents of analysis are shown by a table of FIG. 23. Moreover, a 
graphic representation of the analytical result of "maximum acceleration 
- velocity is shown by FIG. 24. 

20 The analysis of "maximum acceleration - velocity"' can determine 

and process the following points: 

1) When the velocity is entirely increased, the valve of the braking 
and that of acceleration are decreased, and this makes it possible to 
determine that the braking at the high velocity is extremely dangerous 

25 behavior. 

2) The increase of acceleration and that of the braking at low 
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velocity depend on the operation at the time when the vehicle is started to 
move or stopped. 

3) The safe driving curve is modeled, so that the dangerous 
behavioral analysis of the aforementioned data can be performed. Namely, 
5 the chain line illustrated in the same graph indicates the safe driving 
area, and the degree of danger can be obtained from this distribution. 
The following equation can be taken as a calculation example. 

Degree of danger = the number of points other than the safe 
driving curve/the number of whole points == 237/1034 = 0. 23 
10 In addition to the above, it is possible to analyze the driving 

tendency for each driver and individual. 

According to the above modification, not only measured data of 
the dangerous behavior and the specific behavior but also measured data 
of the overall mobile operations can be collected and analyzed. 
15 In this modification, measured data is recorded every one minute 

when the collecting condition is not satisfied. However, the present 
invention is not limited to such an example. Measured data may be 
recorded irregularly when the collecting condition is not satisfied. 

Though the above embodiments have given the explanation on the 
20 assumption that one sensor section 11 composed of various kinds of 
measuring devices is installed at the specific location of the vehicle, the 
present invention is not limited to these embodiments. For example, a 
plurality of sensor sections 1 1 may be installed at the different locations 
of the vehicle. In the case where the plurality of sensor sections 1 1 may 
25 be installed at the different locations of one vehicle, a portion under a 
driver's seat, a rear seat, a trunk, and the like can be named as installing 
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locations. The installment of sensor sections 11 at the plurality of 
locations is useful for the large-sized truck, bus, and railway car. In the 
case of truck, the behavior can be individually analyzed at the different 
locations including a driver's seat and a deck for freight. In the case of 
5 the bus and railway car, the behavior can be individually analyzed at the 
different locations including a driver's seat and passenger's seats. 

At the time of installing the sensor sections 1 1 at the plurality of 
locations, the sensors 1 1 do not have to detect angular velocity data of 
three-dimensional axial direction, and each may have only an angular 

10 velocity meter that detects angular velocity data of a given direction. In 
this case, the behavior of the overall vehicle is analyzed using measured 
data sent from each sensor section 11, so that the tendency can be 
grasped. For this reason, this is suitable for analyzing the behavior by the 
manufacture that manufactures the vehicle. 

15 Digital information (program code and data) for implementing the 

behavior analyzer of each embodiment on the computer is normally 
recorded on the fixed disc of the computer and read by the CPU of the 
computer and executed whenever necessary. However, if the 
aforementioned function blocks 35 to 37, and 132 are formed, the 

20 present invention can be carried out. For this reason, the recording mode, 
and the storage medium may be arbitrarily selected. For example, there 
may be used a transportable storage medium such as CD-ROM (Compact 
Disc-read-Only Memoiy), which is detachable from the computer, DVD 
(Digital Versatile Disc), optical disc, flexible disc, semiconductor memory, 

25 and so on, or a storage medium that is stored in a program server, which 
is connected to an in-house network, in a computer- readable form and 
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that is installed to the fixed disc at the time of using. 

In addition to the case in which the above function blocks 35 to 
37 and 132 are formed by only digital information recorded on the 
storage medium, such a case is within the scope of the present invention 
5 where the part of digital information reads the function of OS to form the 
above function blocks 35 to 37 and 132. 

Though the above-mentioned embodiments have explained the 
operation management of vehicle as an example, the present invention 
may be applied to the mobile objects other than the vehicle. For example, 
1 0 the present invention can be similarly applied to various kinds of mobile 
objects, e.g., a flying object such as a helicopter. 

Industrial Applicability 
As is obvious from the above explanation, according to the present 
invention, the operation tendency of mobile object can be efficiently 
15 analyzed on an operator-by-operator basis. 
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